Neurofibromatosis has been known to involve blood vessels throughout the body. Pulmonary involvement with interstitial fibrosing alveolitis has been described but no case of pulmonary vascular involvement has been reported to date. A 51 year old patient with cutaneous neurofibromatosis is described who presented with severe pulmonary hypertension and radiographic, scintigraphic, and angiographic evidence of chronic thromboembolic pulmonary hypertension. Severe intimal fibrosis consistent with vascular involvement with neurofibromatosis was found on endarterectomy with no evidence of pulmonary thromboembolism. Neurofibromatosis of pulmonary arteries should be considered as a possible cause of pulmonary hypertension. (Thorax 1999;54:858-859) Keywords: neurofibromatosis; pulmonary thromboembolism; intimal fibrosis Neurofibromatosis, a common single gene disorder of the nervous system, has been found to involve the lungs with either parenchymal tumours or fibrosing alveolitis. 1 We present the case history of a patient with neurofibromatosis who developed severe pulmonary hypertension. Thromboembolic disease was initially suspected because of the findings on lung perfusion-ventilation scanning, spiral CT scanning, and pulmonary arteriography.
Neurofibromatosis, a common single gene disorder of the nervous system, has been found to involve the lungs with either parenchymal tumours or fibrosing alveolitis. 1 We present the case history of a patient with neurofibromatosis who developed severe pulmonary hypertension. Thromboembolic disease was initially suspected because of the findings on lung perfusion-ventilation scanning, spiral CT scanning, and pulmonary arteriography.
Case report
A 51 year old man with neurofibromatosis presented with progressive dyspnoea on exertion (NYHA class 3) whose symptoms progressed during the ensuing year. He had initially been diagnosed elsewhere as having primary pulmonary hypertension and received treatment with warfarin and nifedipine with no improvement in his condition. He denied chest pain, orthopnoea, or paroxysmal nocturnal dyspnoea, or any history of deep vein thrombosis or other thromboembolic disease. He also denied exposure to toxic inhalants, cigarette smoking, or use of appetite suppressants.
Physical examination showed a thin dyspnoeic (24 breaths/min) man without peripheral or central cyanosis. He had numerous cutaneous neurofibromas on both the upper and lower extremities with no cafe au lait pigmentations. No clubbing was found. He had a raised jugular venous pulse and mild pedal oedema. A fixed split second heart sound was heard, while the rest of the physical examination, including the chest, was normal. Laboratory results showed a normal blood count with normal renal and liver function tests. Studies for hypercoagulability were all within normal limits. Arterial blood gas tensions (on room air) were as follows: pH 7.45, PCO 2 32 mm Hg, PO 2 57 mm Hg, SaO 2 91% with an alveolar-arterial gradient of 40 mm Hg.
The chest radiograph showed enlarged pulmonary arteries with no infiltrates or interstitial findings. Electrocardiography showed right ventricular hypertrophy and echocardiography revealed normal left ventricular size and function, dilated right atrium and ventricle, and severe pulmonary hypertension (estimated pulmonary artery gradient of 80-90 mm Hg transoesophageally).
Spirometric tests showed a forced vital capacity (FVC) of 3.39 l (77% predicted), forced expiratory volume in one second (FEV 1 ) of 2.59 l (73% predicted), and FEV 1 /FVC of 76%. Corrected carbon monoxide transfer factor (TLCO) was 49% of the predicted value. A Doppler ultrasound investigation of the deep leg veins showed no evidence of thrombosis.
A ventilation-perfusion lung scan was performed and revealed large bilateral perfusion defects interpreted as highly probable for diVuse multiple pulmonary emboli. A subsequent spiral CT scan showed multiple bilateral filling defects in the pulmonary arterial tree. Pulmonary angiography was performed, showing multiple peripheral filling defects on the left and central defects in the right main pulmonary artery. Towards the end of this procedure an inferior vena caval filter (bird's nest) was inserted.
With a diagnosis of suspected major vessel chronic thromboembolic pulmonary hypertension the patient underwent pulmonary thrombendarterectomy of both left and right pulmonary arteries and their major branches. Preoperative catheterisation showed a cardiac index of 3.38 l/min/m 2 and a pulmonary vascular resistance index of 236.7 dyne.s.min 2 / cm 5 . No evidence of thrombi was found at surgery, while severe diVuse intimal thickening was noted throughout the pulmonary vessels. Because of the widespread involvement of the pulmonary vasculature, stenting of the arteries was not attempted. The pathological specimens taken from the endarterectomy showed extensive irregular thickening of the intima by fibrous tissue (fig 1) .
The patient was discharged after a protracted postoperative stay in hospital and an echocardiogram performed four months later showed a systolic gradient on the tricuspid valve with an estimated pulmonary arterial pressure of 47 mm Hg. At this time his functional status had also improved (NYHA class 1-2).
Discussion
Pulmonary involvement in patients with neurofibromatosis has been reported with both neurofibromatous tumours within the lung parenchyma and with fibrosing alveolitis. 1 In our patient no evidence of either of these conditions was found on CT scanning or by measurement of the TLCO. To the best of our knowledge, involvement of the pulmonary arteries with neurofibromas has not previously been reported although vascular complications of neurofibromatosis have been seen in other organ systems. The retinal, 2 lumbar, 3 mesenteric, 4 and renal arteries 5 have all been reported to be involved with neurofibromatosis, as have both the intracranial and extracranial arteries. 6 The generalised mesenchymal dysplasia of neurofibromatosis predisposes these arteries to rupture or aneurysm formation. 6 Biopsy specimens of the arterial wall in these patients have shown marked intimal thickening with proliferation of fibroblastic spindle cells. 4 5 Histopathological studies have found expression of neurofibromatosis mRNA in cells of the tunica intima of involved blood vessels. 7 In addition, rapidly growing neurofibromas show a higher proportion of insulinlike growth factor 1 immunoreactivity in vascular cells (endothelial cells, smooth muscle cells, and fibroblasts) than in slower growing tumours. 8 Our patient presented with severe pulmonary hypertension and findings mimicking chronic thromboembolic pulmonary hypertension, a diagnosis supported by the ventilation-perfusion scan, spiral CT scan, and angiography. Biopsy specimens of the arterial wall showed changes consistent with those found in other patients with vascular involvement with neurofibromatosis, changes which apparently caused the vasculo-occlusive picture found in the tests described.
In conclusion, we have described a case of pulmonary hypertension secondary to involvement of the pulmonary arterial tree with intimal fibrosis due to neurofibromatosis. This entity must be considered in the diVerential diagnosis of pulmonary hypertension found in patients with neurofibromatosis as it can mimic clinical and angiographic evidence of thromboembolic disease. Although endarterectomy resulted in partial improvement in the pulmonary hypertension in our patient, the value of this procedure remains unclear. Hoarseness is a well recognised complication of treatment with inhaled beclomethasone and budesonide. Fluticasone has greater glucocorticoid receptor potency as a topical steroid. We report a serious complication of fungal colonisation of the larynx with Aspergillus fumigatus which occurred during treatment of asthma with high doses of fluticasone.
Case report
The patient, a 75 year old man, had started treatment with inhaled corticosteroids for asthma in December 1986. He had smoked approximately six cigarettes a day for 40 years until 1975. Lung function testing between 1986 and 1997 showed some irreversible airflow obstruction: forced expiratory volume in one second (FEV 1 ) was in the range 1.0-2.2 litres (72% predicted). Gas transfer factor and diVusion constant were normal and there was no clinical evidence of emphysema. Sputum samples showed numerous eosinophils. IgE was 101 kU/l (normal <200) and the 1 -antitrypsin level was 1.6 g/l. Repeated blood counts showed no eosinophilia. Skin allergy tests, including tests to Aspergillus fumigatus, were negative. There was no clinical evidence of immunosuppression. He suVered from mild osteoporosis and oral steroids were therefore avoided. He had had a bilateral orchidectomy for carcinoma of the prostate in 1986. A repeat TURP operation and staging in 1995 showed no evidence of residual disease. In 1987, after accidentally choking on a lump of food, an indirect laryngoscopy showed a normal larynx.
Between 1986 and November 1993 he was treated with inhaled bronchodilators and beclomethasone in a dose of 2 mg daily. Because of persistent symptoms his GP changed the corticosteroid to fluticasone 1 mg twice daily using a Diskhaler. Although there was no evidence of improvement, this dose was continued for just over three years. In December 1996 he had influenza (confirmed by raised influenza A titre) which exacerbated his chest. He presented in February 1997 with a five week history of progressive hoarseness of the voice which resulted in complete aphonia. Fibreoptic bronchoscopy showed white slough on both vocal cords and a small ulcer at the carina. A micro-laryngoscopy was performed and biopsy samples of both cords were taken, followed by stripping of the slough under direct vision. The biopsy samples showed abundant fibrinopurulent debris, inflamed ulcerated epithelium, and masses of fungal hyphae identified morphologically and on culture as Aspergillus fumigatus. Inhaled corticosteroids were discontinued and the patient was treated with nebulised bronchodilator therapy and nedocromil. Amphotericin lozenges, 10 mg four times daily, were given. After four weeks his voice showed some improvement. A repeat bronchoscopic examination after seven weeks showed apparently normal vocal cords (although he was still hoarse). The ulcer at the carina had healed completely. After 14 weeks from onset his voice was still gruV but intelligible. Aspergillus precipitins were weakly positive during the illness, becoming negative after the laryngeal aspergillosis had resolved.
The patient has been followed up for 13 months since the onset of laryngeal aspergillosis. He has refused all inhaled corticosteroid preparations and there has been no recurrence of the fungal infection. Rather surprisingly, his lung function during 1997 improved while taking a combination of regular nedocromil and salmeterol with nebulised doses of bronchodilators as required. He has had two admissions to hospital for asthma during this period.
Discussion
Hoarseness is a recognised complication of inhaled steroid therapy. Overall, it has been reported in 2% of adults receiving fluticasone (n = 3640) and in 1% of patients on beclomethasone. 1 In a one year study of asthmatic patients treated with 1.5 mg of fluticasone propionate daily, hoarseness was reported in 6% of patients. 2 Fluticasone is a fluorinated corticosteroid with a greater topical potency and greater tissue retention and a longer elimination half life than beclomethasone. 3 Dose for dose, some side eVects such as adrenal suppression reflect this greater activity. 4 Corticosteroids are known to enhance fungal colonisation of epithelial surfaces. Oropharyngeal candidiasis is a well recognised side eVect and this complication has been reported in 4% of patients given fluticasone in a dose of 1.5-2 mg daily. 2 5 It is known that a substantial proportion of inhaled corticosteroid through dry powder devices is deposited in the upper airway, including the larynx. Colonisation of the larynx by Aspergillus fumigatus is therefore likely to be a direct consequence of the deposition of topical corticosteroid on the superior surface of the vocal cords.
Primary aspergillosis localised to the larynx is an extremely rare condition. A literature search over 30 years has produced fewer than 12 cases in total. Presentation with hoarseness is characteristic. [6] [7] [8] The rarity of aspergillosis emphasises the normal resistance of the larynx to colonisation by fungi, including Aspergillus, despite the presence of spores in inhaled air. In the absence of generalised immunosuppression, laryngeal aspergillosis has been treated with debridement alone or with topical antifungal drugs. 9 In our case the condition slowly cleared with cessation of fluticasone therapy and treatment with topical amphotericin given as lozenges.
We suggest that patients who develop hoarseness while taking fluticasone propionate, particularly in doses above 1 mg daily, should be fully investigated by laryngoscopy and, if necessary, biopsy specimens should be taken and fungal cultures performed. The case highlights possible adverse eVects which may result from the current tendency of general practitioners to use very high doses of inhaled corticosteroid therapy, sometimes without any improvement in the control of asthma.
LETTERS TO THE EDITOR

Beta agonist dose reduction in asthma
I write with regard to the article by Harrison et al 1 who described their findings of reducing agonist use in asthma patients with a methodology involving placebo inhalers. This study describes an interesting design as well as interesting outcomes with an apparent reduction in agonist use without loss of control.
There are several pieces of information which would make the article more useful in understanding how widely these results may be extrapolated. Firstly, the baseline inhaled corticosteroid use and the distribution between the two groups is important information. It would also help if the authors of the paper could clarify whether the patients continued on their usual maintenance inhaled corticosteroids throughout the study and whether the budesonide that was added at weeks 4-6 was in addition to baseline steroid use. The next issue concerns the instructions the patients were given about the use of agonists. How many of them were told to use doses on a four times a day basis rather than as required? I also would like to know the proportion of patients who recognised they were receiving placebo with no active medication compared with those who were not aware that they had been switched to placebo. Finally, were specific instructions given to patients that they might need to ignore some some symptoms of breathlessness to enable the reduction in the use of agonists?
The above information would be helpful in understanding more completely the population and how applicable this dosage reduction scheme may be to other patients with asthma. AUTHOR'S REPLY We thank Dr RuYn for his interest and comments on our randomised placebo controlled trial of agonist dose reduction in asthma. 1 The mean (range) baseline inhaled steroid dose was 600 (300-1000) µg/day in the agonist reduction group and 757 (200-1200) µg/day in the control group (diVerence not significant). Six subjects were taking budesonide, one fluticasone propionate, and the remainder beclomethasone dipropionate, and all but one via a metered dose inhaler. Dr RuYn is correct in stating that the two weeks of budesonide was in addition to the subjects' usual inhaled steroid, the dose of which was unchanged for the duration of the study. All subjects were given their usual dose of agonist as terbutaline in four divided doses with additional terbutaline as required. We are unable to comment on the number of subjects who correctly guessed they were on placebo, but since the use of as required terbutaline was similar in each group there was probably not an important diVerence. Finally, subjects were not given any special instructions about ignoring their symptoms but all were informed that they had a 50% chance that their "regular" study inhaler would contain placebo. Clearly, one explanation for our findings is that many subjects take their agonist out of habit or for non-asthma symptoms and can therefore withdraw it without leading to a deterioration in lung function or an increase in asthma symptoms. 
T W HARRISON
EVect of inhaled corticosteroid therapy on bone markers and bone density
Hughes and associates are to be congratulated on their important study evaluating the eVect of high dose inhaled steroids on bone markers and bone mineral density. 1 High dose inhaled corticosteroid therapy has been associated with a decrease in serum osteocalcin levels and a negative eVect on bone density.
2 Surprisingly, Hughes et al found that osteocalcin and bone mineral density increased in patients receiving high dose inhaled corticosteroids. Possible reasons for these unexpected results could be that patients maintained adequate calcium and vitamin D intake, an appropriate level of weight bearing exercise, were mostly non-smokers, and had limited alcohol ingestion. 2 Unfortunately, the article does not report the calcium and vitamin D intake, an appropriate level of weight bearing exercise, were mostly nonsmokers, and had limited alcohol ingestion. 2 Unfortunately, the article does not report the calcium and vitamin D intakes of the participants. This is important since calcium and vitamin D may prevent corticosteoid induced bone loss. 3 Whether pharmacological interventions prevent osteoporosis in patients receiving long term inhaled glucocorticoids is an important question that remains to be answered. AUTHORS' REPLY Marie-France Beauchesne highlights the rise in serum osteocalcin levels and bone mineral density seen in our study and raises possible reasons for this result. The study did not obtain data on calcium and vitamin D intake but no patients received supplemental calcium or vitamin D during the study period. Exercise was broken down into light (32%), moderate (56%), and heavy (12%) average weekly physical exercise; 83% of the patients were non-smokers and 17% were current smokers; 31% drank no alcohol and, of the 69% consuming alcohol, the weekly median intake was 5 units (25th percentile 2.0; 75th percentile 14). Although calcium and vitamin D intake is clearly important in assessing overall bone loss, our patients were not taking supplements and therefore this should not have influenced the rise in bone mineral density and osteocalcin levels seen in the study.
MARIE-FRANCE BEAUCHESNE
Of our study population 76% had been taking beclomethasone dipropionate prior to being enrolled in the study and, as both Egan et al 1 and Pauwels et al 2 reported either no change or increases in bone mineral density in patients on fluticasone propionate but decreases in those taking beclomethasone dipropionate, the type of inhaled corticosteroid may be important in determining bone mineral density and bone marker changes over time. Furthermore, Ford et al 3 found no diVerences in lumbar bone mineral density after a two year period when 500 µg fluticasone propionate given twice daily via a diskhaler was compared with placebo.
Future studies are therefore needed to differentiate between possible eVects from specific inhaled corticosteroids. General statements concerning the safety and eYcacy of inhaled corticosteroids need to take into account these diVerences. 
